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Abstract 
Legislation mandates that the U.S. Federal Government reduce the environmental impact of its buildings. For instance, all new 
buildings should achieve net-zero energy by 2030, reduce water use by 26% by 2020, and divert 50% of non-hazardous solid 
waste and construction debris from landfills.  In order to meet these mandates, the U.S. Federal Government has incorporated 
several strategies to retrofit its current building portfolio such as employing integrated design principles, reducing the intensity 
and type of energy use, protecting and conserving water, and reducing the environmental impact of materials. However, most of 
these strategies are still in the implementation phase and have not been fully assessed. In response to this need, this exploratory 
study aims to compare the barriers and solutions to retrofitting a typical Federal office building. The research approach includes 
synthesizing previous studies and using a case study that examines water and energy data of an existing federal building. The 
results from this analysis will help to better understand the impact of these barriers, the efforts to overcome them and point 
toward systems frameworks that can aid in the process. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Globally the population of urban areas will add 2.5 billion people by 2050 [1].  Constructing and operating the 
buildings to house families and workers, account for 40% of the material and approximately one third of the energy 
consumed by the world economy [2].  Decreasing the impact of this growth on the planet is an effective way to help 
reduce the environmental footprint of the human population.  According to Oglyay and Seruto the only way to 
achieve this goal is by decreasing the amount of energy consumed by whole building retrofits of existing inventory 
[3].  
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In response to this issue, the United States Federal Government has adopted policy and legislation to decrease 
greenhouse gas emissions, reduce power and water consumption, and in all new buildings as well as its stock of 
existing buildings [4].  To further these goals the U.S. Government has mandated that several principles be instituted 
in all projects, such as: employing integrated design, optimizing energy performance, protecting and conserving 
water; enhancing indoor environmental quality, and reducing the environmental impact of materials [5].  These 
policies and laws developed and evolved to define and implement Federal high performance sustainable buildings 
through the institution of various prescriptive and descriptive requirements that measure compliance and encourage 
responses to meet the goals.  However, these strategies are still in the implementation phase and have not been fully 
assessed.  In addition, retrofitting existing Federal buildings into high performance buildings has encountered 
specific barriers when trying to meet these requirements.  In response to this need, this exploratory study aims to 
compare the barriers and solutions to retrofitting a typical Federal office building. By doing so, our expectation is to 
have a better understanding of the impact of these barriers and the efforts to overcome them. 
 
2. Background 
 
This paper focuses on a case that documents efforts to retrofit an existing Federal building to meet the current 
requirements established by the U.S. Government.  The following section provides a background in the requirement 
of high-performance Federal Buildings, how success is measured and some of the barriers and solutions proposed to 
meet the requirements. 
  
2.1 Definition and measurement of a Federal High-Performance Federal Buildings 
 
Federal high-performance sustainable buildings are defined as a building that throughout its life cycle achieve 
the following objectives [3]: 
x Reduce energy, water, and material resource use; 
x Improve indoor environmental quality, including reducing indoor pollution, improving thermal 
comfort, lighting and acoustic environments that affect occupant health and productivity; 
x Reduce negative impacts on the environment throughout the life-cycle of the building, including 
air and water pollution, the community and waste generation; 
x Increase the use of environmentally preferable products with lower life-cycle impacts, including 
bio-based, recycled content, and nontoxic materials; 
x Increase reuse and recycling opportunities for solid waste, construction and demolition waste; 
x Integrate building systems; 
x Reduce the environmental and energy impacts of transportation through thoughtful site selection 
and design that supports the full range of transportation choices for users of the building; and 
x Consider indoor and outdoor effects of the building on human health, the community and the 
environment, including improvements in worker productivity, the life-cycle impacts of building 
materials and operations, and other factors considered to be appropriate. 
 
As a result of Executive Order (EO) 13423 a group of 17 Federal agencies developed and ratified a Memorandum 
of Understanding (MOU) that established the Guiding Principles for Sustainable Buildings.  The MOU proposed that 
all Federal buildings utilize integrated design principles in the assessment, operation and management of buildings, 
optimize energy performance, protect and conserve water, enhance indoor environmental quality, and reduce the 
environmental impacts of materials.  EO 13514 made the Guiding Principles official policy in addition to changing 
or augmenting the prescriptive and descriptive measures proposed in that MOU.  These measures are listed in Table 
1. 
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    Table 1: Summary of Measures for High-performance Sustainable Federal Buildings 
Prescriptive Measures  
Item Measure Source 
Commissioning Every 4 years Guiding Principles [5] 
Energy Efficiency Reduce by 20% compared to 2003 EO13423 [6] 
Waste diversion 50% of annual non- hazardous solid and 
construction waste by 2020 
EO13514 [7] 
Reduce Potable Water Consumption 26% reduction by 2020 compared with 2007 
baseline 
EO13514 [7] 
Daylighting 2% daylight factor in 50% of space Guiding Principles [5] 
Ventilation and Thermal Comfort ASHRAE 55-2004 and 62.1-2007 Guiding Principles [5] 
Descriptive Measures 
Item Measure Source 
Green House Gas Emissions (GHG) Support of overall agency reduction goals EO13514 [7] 
On and off site renewable energy Increase use and provide when lifecycle cost 
effective 
Guiding Principles [5] 
Process Water Minimize amount based on lifecycle 
costing. 
EO13514 [7] 
Water efficient products Use water conserving products EO13514 [7] 
Reduce impact of stormwater runoff Maintain or restore pre development 
hydrology 
EO13514 [7] 
Moisture Control Use appropriate moisture control strategy Guiding Principles [5] 
Strategies to enhance indoor environmental 
air quality and reduce the impact of materials 
Varies Guiding Principles [5] 
Freeze the Footprint [8] 
 
Meeting these prescriptive and descriptive measures presents challenges to project teams charged with retrofitting 
existing Federal facilities to High Performance Federal Buildings.  The next section outlines the barriers that the 
project teams need to overcome and some strategies that have been effective in overcoming them. 
 
2.2 Barriers and solutions to retrofit Federal Buildings 
 
Previous studies have identified 12 barriers common to retrofitting Federal projects, which includes: 
x Lack of alignment between reporting requirements and performance measurement [4] 
x Federal Budget Process that is complicated and unpredictable [4, 9] 
x Segmented processes that fail to optimize resources [4] 
x Influencing occupant behaviour to support Federal high-performance sustainable objectives [4, 6] 
x Hidden conditions that are identified late in the design [10] 
x Not accounting for interactions in systems [10] 
x Energy retrofit not coordinated with other building system renovations [10] 
x Lack of experience in workforce [4,10] 
x Poor measurement of benefits [4,10]  
x Gaps in Knowledge regarding process, metrics and evidence based design [4] 
x Perception of higher cost of sustainable buildings by decision makers [4,10] 
x Find ways to embed sustainability into every day decision-making [4] 
The project team encountered most of these barriers but three proved to be quite significant to the case study 
reported here. Specifically, the paper is focusing on the following strategies: lack of alignment between reporting 
requirements and performance measurement, the constraints of the Federal budget process, and segmented processes 
that fail to optimize resources.   
 
Measurement of performance is essential in the success of any energy management plan [11].  While the law and 
policy sets prescriptive and descriptive measures, often these measures will contradict each other.  For example, the 
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Freeze the Footprint policy requires agencies to increase the intensity of use per m2 by reducing utilization rates in 
Federal space while the Energy metric requires reduction in consumption per m2. Even though the requirements and 
performance measures are a matter of law and policy, there is no specific funding for them [4].  Therefore, it is 
impossible to avoid the uncertainty and constraints of the Federal Budget process to meet these mandates.  Funding 
retrofit projects in Federal buildings is split into two main categories: small projects that are less than $2.7 million 
and capital projects that are over $2.7 million.  The specifics of these two funding tracks will be discussed in detail 
in section 4. 
 
3. Research Approach 
 
The research design uses a Single Case Embedded Representative framework in order to investigate a single 
instance of a broader phenomenon [12].  The individual case was selected due to extensive documentation and the 
presence of detailed archival information.  Further, one of the researchers was a participant in the case subject and 
could lend direct experience and observation to the data. 
 
The case includes efforts to retrofit an existing Federal office building (Federal Building) located in the western 
United States that is managed and owned by the U.S. General Services Administration (GSA).  The exact name and 
location of this building is being withheld because it is immaterial to findings.  The approximately 80,000 m2 
Federal office building was completed in the mid-1970’s before the passing of the Energy Policy Act (EPAct) of 
1992, which first proposed energy efficiency goals for Federal office buildings.  The main objective of this building 
was to meet the needs of the Federal agencies and branches that it served. 
 
Efforts have been undertaken to plan and execute several projects to retrofit the building and meet the 
requirements of High-Performance Federal Buildings.  Scope items included major upgrades to heating ventilation 
and cooling systems, and upgrades of lighting among others.  The collected data include the efforts to meet the 
prescriptive and descriptive measures from many sources. Particularly, archival information on power and water 
consumption was collected for fiscal years 2003 to 2013 and from 2007 through 2013, respectively.  Time-Series 
analysis was conducted on the power and water data with the power/water as the dependent variable and the timeline 
of energy and water projects/events as the dependent variable [12].  The purpose of the analysis was to visualize and 
understand the effect projects/events had on the power and water use in the building.  Hypothesis-Generating was 
deployed to analyze the time series data along with the other data in an exploratory context to understand impacts of 
the barriers and see what solutions were presented in the responses of the project team.  The data was organized and 
analyzed using a Selective Coding process [13].  Planned and executed projects were classified according to the 
specific objectives or high-performance Federal office buildings according to Nash [4] to understand how the efforts 
met the objectives. 
 
4. Results and discussion 
 
This section will summarize the responses of project team to meeting the requirements of high-performance 
Federal office buildings in the context of some of the barriers encountered in the case. 
 
4.1 Federal budget that exacerbates an already segmented process 
 
In 2011 the project team executed a Program Development Study (PDS) to develop a set of requirements for a 
$200 million repair and alteration project within the case subject.  This study brings stakeholders including existing 
and prospective tenants and GSA together to develop a complete requirement, establish goals, and define 
specifications.  Various requirements were identified associated with the project but nine specific scope items were 
related to energy use, water conservation and indoor air quality.  Congress approved this project but they never 
appropriated money to execute the project that resulted in the project being cancelled. 
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Due to the need to backfill vacant space in the building, the project team proposed a limited project for funding in 
2014 at a total cost around $60 million.  A follow up PDS retained four of the major water and energy scope items.  
Additionally, the project team funded other aspects of the scope via other funding avenues.  Strategies that are 
reflected in sustainable whole systems frameworks were deployed including sharing project information across 
division and agencies (share all information with everyone), looking for opportunities to execute energy and water 
projects where other work was already prescribed (seek multiple benefits from single expenditures), and considered 
multiple avenues to fund projects (tunnel through the cost barrier) [14].  Table 2 summarizes the specific responses 
proposed to the sustainable objective in the 2011 study and compares the same in the follow along PDS. 
 
       Table 2: Sustainability Scope Comparison 2011 and 2013 Program Development Studies  
Proposed Response  Objective 2011 PDS 2013 PDS 
Replace gate valves with ball valves Water X X 
Replace AHU, Fan Coil, Filtration Power / Air Quality X X 
Add automated lighting controls to all common areas Power X X 
Retrofit and upgrade lighting- T8 or LED Power X X 
Remove escalator-replace stairs Power X X 
Chilled water pipe replacement Power / Water X  
Replace Basement AHU’s Power / Air Quality X  
Replace air exhaust ductwork and system Air Quality X  
Replace Pneumatic air springs and compressors with isolation springs Power X  
 
4.2 Aligning measures to facilitate Federal high-performance Sustainable Buildings 
 
Two primary metrics were evaluated in the time series analysis of the case subject; total power consumption and 
water consumption.  Figure 1 summarizes the time series analysis.  The y axis of the graph shows total power use in 
BTU’s per m2 and water consumption in liters per m2 for the comparison time periods per policy.  This information 
is compared to a timeline that shows the timing of each of the law and policy events that set the objectives and 
measures of high performance Federal buildings as well as the responses by the project team to meet these objectives 
on the x axis.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Time Series Analysis-Power and Water 
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Looking at the raw data, the case subject reduced power consumption by 35% compared with the policy goal of 
15%.  A significant portion of this saving may be attributed to tenant moves that created additional vacancy of about 
19.5% of the building.  However, this trend is down.  Water consumption is essentially flat compared to the 2007 
baseline.  This may be due to an increase in water use attributed to a tradeoff from an American Recover and 
Reinvestment Act (ARRA) project that added a chiller system, removing the building from a chilled water utility.  
This project  also installed LED lighting in common areas and low flow fixtures in restrooms. 
 
Going forward, the project team is deploying active building energy management strategies to realize further 
gains.  This includes monthly tracking of power and water usage, optimization of building startup and shutdown 
schedules, and encouraging occupant involvement. 
 
Performance measures are critical for organization to create effective strategic plans, evaluate the effectiveness of 
efforts, and to monitor progress toward organizational objectives [15].  The measures and objectives of high-
performance Federal office building were discussed in the background section of this paper.  The results and 
discussion section presented the responses of the asset team to these objectives and measures.  Table 3 summarizes 
the selective coding process where the objectives and measures are coded to the corresponding response by the 
project team in the case study. 
 
Table 3: Comparison of Objectives to Measures and Responses 
Objective Measure  Response 
Reduces energy Commissioning, Energy Efficiency, 
daylighting, Ventilation and Thermal 
Comfort, On and Offsite Renewable 
Energy 
ARRA Project; Building Management Strategies; 
Replace AHU, Fan Coils, Filtration; Add 
automated lighting controls to common areas; 
Retrofit and upgrade lighting-T-8 or LED; 
Remove escalator 
Reduces water Commissioning, reduce water, process 
water, water efficient products 
ARRA Project, Building Management strategies, 
Replace gate and ball valves 
Reduces Material Resource Use No Net New NONE 
Improve indoor air quality Commissioning, Ventilation and 
Thermal Comfort; Moisture Control ARRA Project, Replace AHU, Fan Coil, Filtration 
Reduce Negative impacts on the 
environment throughout lifecycle of project 
Commissioning, Reduce GHG 
emissions, NONE 
Increases use of environmentally preferable 
products NONE NONE 
Increases reuse and recycling Waste Diversion Recycling and composting program  
Integrates building systems NONE NONE 
Reduces environmental and energy impacts 
of transportation through site selection and 
design 
NONE NONE 
Considers indoor and outdoor effects of 
building on human health, the community 
and environment, worker productivity etc. 
Reduce impact of stormwater runoff, 
Reduce GHG Emissions NONE 
   Note: Italic and underline fonts are considered Descriptive Measures 
The results infer a predisposition to prescriptive measures when project teams scoped responses to the objectives.  
The responses column shows a tendency to concentrate responses to energy, water, and indoor air quality that have 
six, three and two responses respectively.  Further, there were six objectives that had no response at all. The focus on 
prescriptive measures can lead project teams to contextually inappropriate solutions [16]. 
 
5. Conclusions 
 
As discussed earlier, there are many barriers that inhibit project teams’ ability to meet all of the objectives of 
high-performance Federal buildings.  The solution requires that different but complimentary definitions of success 
be developed to meet the descriptive requirements for high-performance Federal Buildings [17].  The main 
contribution of this study is that project teams would benefit from strategies and tools to meet the requirements of 
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high-performance Federal buildings.  These tools and strategies need to facilitate a whole systems approach in order 
to meet all of the prescriptive and descriptive measures.   
While this study did not assess how successful the case subject was in meeting all requirements and 
measurements of a high-performance Federal building, the case study assessed direct responses of the project team.  
The power and water data was collected to understand how efforts were related to impacts and to see trends over 
time.  No correlations were analyzed nor did the study evaluate the impact of procurement law or green procurement 
practices.  Lastly, the lead researcher was a participant in the efforts associated with the case.  The methodology was 
structured to avoid reporting researcher side biases by using established case study protocols to provide a means of 
analyzing and structuring the project data to facilitate the discovery of the logical relationships. 
The next step is to build on these findings through parallel case studies.  Future research includes:  research and 
analyze whole building and whole systems frameworks that could benefit these efforts and develop tools that help 
teams to measure descriptive requirements and to compare alternatives.  Also, it is expected that this results of this 
research will help teams to assessing and developing better tools, processes, policies and procedures and that these 
improvements facilitate projects that meet the requirement of high-performance Federal buildings. 
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